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The evolutions recorded in Romania, during last decade, characterized by social, political and economic 
changes, mainly influenced by becoming full member of European Union, impose special attention on environment 
quality.  Presently, the Romanian inventory of main atmospheric pollutants is performed at regional level, and 
corroboration of gathered data is the role of National Agencies of Environmental Protection, which delivers annual 
reports. Based on a ten years period, 2003 – 2012, the article emphasizes a picture of the sulphur dioxide (SO2), 
nitrogen oxides (NOx), ammonia (NH3), and non-methane volatile organic compounds (NMVOC) pollution evolutions 
in Romania. The results show the downloading tendency of above mentioned pollutants emissions, which, is result of 
adopting and transposing EU regulations but, unfortunately also, result of industrial activity reducing. 
 




1.  Introduction 
 
Emphasizing the air pollution from the point 
of view of most important classes of pollutants, in 
Romania, during last decade (2003 – 2012), was 
performed with the goal to identify their evolution 
tendency state, also taking into account the 
influence of climatic changes.  
The concerned pollutants are: sulphur dioxide 
(SO2), nitrogen oxides (NOx), ammonia (NH3), and 
non-methane volatile organic compounds 
(NMVOC), namely [1, 9]. Romania is a Central 
European country, positioned between the Atlantic 
Coast and Urals Mountains, downstream of the 
Danube, within and without of the Carpathian 
Mountains, and with exit to the Black Sea. 
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The Romanian clime is a temperate 
continental clime marked by Oriental, Oceanic, 
Scandinavian - Baltic, under Mediterranean and 
Pontic influences [9]. 
Underlining the bad synchronization between 
rhythm of economic development and 
environmental protection measures became a 
common place worldwide, and Romania is no 
exception. In this context an important role is played 
by direct pollutant emissions in the atmosphere. The 
last two decades reports emphasize about 20C 
increase of temperature in Romania compared to 
1961 – 1990 interval [9].    
In Romania of 2003 - 2012 decade, the 
inventory of atmospheric pollutants is performed 
with data delivered by inventoried economical 
operators, also taking into consideration statistical 
data. Due to the considerable harmful effects on the 
environment, the interrelation between sulphur 
 
Available online at  
http://journals.usamvcluj.ro/index.php/promediu 
 




ProEnvironment 8 (2015) 651 - 656 
 
651 




dioxide, nitrogen oxides and ammonia, and 
NMVOC, was approached.  
Sulphur dioxide has important consequence 
upon air quality also because its influence on the 
ozone atmospheric layer, because of the reaction 
between compounds rich in sulphur and 
chlorofluorocarbons [3, 6]. The oxidation processes 
producing sulphuric acid aerosols has different 
negative effects on the environment.  
The nitrogen oxides, NOx, have very toxic 
action, NO2 especially. Their formation is difficult 
to avoid when conventional combustibles are used 
[4]. Atmospheric air nitrogen, available in large 
quantities, is the main substance contributing to 
NOx formation. High temperatures specific during 
burning processes stimulate the reactions of nitrogen 
oxides formation. All nitrogen oxides are stable 
compounds in atmosphere for about 4 – 5 days. The 
effects of nitrogen oxides have multiple harmful 
effects for human health, vegetation, etc. They 
destroy the pulmonary alveoli and may produce 
asphyxia, determine falling of the tree leaves, smog 
formation besides affecting human health also 
contributes to reducing visibility on the roads, 
contribute to acid rain formation, etc.  
 The ammonia (NH3) is another important air 
pollutant. It is a colourless gas, with characteristic 
smell, pungent. It is perceptible at low 
concentrations, about 20 ppm. Its harmful effects 
upon health may be emphasized by well-known 
paralyzing action on olfactory receptors [2, 5]. 
Natural and also artificial sources are considered 
when the atmospheric ammonia concentrations are 
discussed. 15 - 20% ammonia air pollution is the 
result of natural sources contribution, the rest being 
result of artificial sources, anthropic mainly. Among 
these anthropic activity sources, the agriculture is 
the most important, while intensive animal 
production activity has the biggest contribution. 
The concentration of the tropospheric ozone 
compounds reflect the best the harmful effects of the 
non-methane organic volatile compounds – 
NMVOC – [1]. The VNMVOC are very toxic and 
are the reflection of the atmosphere pollution in 
most industrialized countries and towns. The 
industrial activities and road traffic generate the 
NMVOC precursors, and, in this way, bring 
essential contribution for NMVOC pollution. The 
main industrial processes generating these precursor 
are: electric discharges, photochemical reactions and 
free radicals.  
 
2. Material and method  
 
Emphasizing the picture of the main air 
pollutants in Romania, for a ten years interval (2003 
– 2012), we used the public data published by the 
National Agency of Environmental Protection (2003 
– 2012). After collecting, we statistically processed 
the data (winSTAT v.7.0). The SNAP (Selected 
Nomenclature for Sources of Air Pollution) codes 
are mentioned. The ANOVA test, Box-plot analyse, 
Principal Components Analyse, and regression 
analyses were implemented in order to emphasized 
the aimed issues.  
The Directive 2008/50/EC and Romanian 
Law no.104/15.06.2011 were taken into 
consideration in our analyse [7, 8]. 
 
3. Results and discussions 
 
SNAP 03 - burning of the fossil combustibles 
together with air pollutants emitted by several 
industrial branches as metallurgic industry, 
nonferrous especially, coal-carbonization plants, and 
SNAP 08 - feeding industry are the main sulphur 
dioxide atmosphere pollutants. In Romania, an 
almost continue decrease of sulphur dioxides may 
be reported during 2003 – 2012 (from 806.24 
kilotons to 231.56 kilotons), while in last analysed 
year, a slight increase, to 259.66 kilotons, is 
recorded (Fig. 1). During all time interval, the 
annual values were under the emission ceiling 
stipulated by the Gothenburg Protocol, of 918 
kilotons/year. 
SNAP 01 – burnings in energetic and 
transformation industry, SNAP 03 – burnings in 
processing industry, SNAP 07 – traffic, and SNAP 
08 – other mobile sources and equipment, are the 
sources of nitrogen oxides atmospheric pollutants. 
Concerning analysed time interval, a very 
discontinuous evolution of nitrogen oxides 
emissions in atmosphere at national level may be 
reported (Fig. 4). From 477.88 kilotons reported in 
2003, emissions discontinuously evolved around 
275 – 293 kilotons, until 2007 when a slight 
increase to 320.44 kilotons is recorded, then 
continuous decrease until 2010 may be observed, 
while since 2011 the emissions quantities yearly 
increased for reaching 225.81 kilotons in 2012 (Fig. 
1). In the beginning of the analysed interval, year 
203, respectively the annual nitrogen oxides 
emissions are above the emission ceiling stipulated 
by the Gothenburg Protocol, of 437 kilotons/year, 
while in rest of the studied period the ceiling was 
not reached. 
SNAP 09 – waste treatment and storage, 
SNAP 10 – agriculture, and SNAP 03 – burnings 
performed within the processing industry are main 
atmospheric ammonia sources. In Romania, the 
evolution of ammonia emissions during 2003 – 
2012 record three tendencies: from 2003 (176.32 
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kilotons) to 2007 (202.84 kilotons), a constant 
increase is reported, (ii) then tendency is followed 
by a slightly download trend until 2011 (158.60 
kilotons), (iii) while in 2012 the emissions (158.50 
kilotons) are almost identical as value with those 
recorded in previous year (Fig. 1). The ammonia 
emissions during 2003 – 2012 are under the 




























SO2 NOx NH3 NMVOC
Figure 1. The evolution of sulphur dioxide (SO2), nitrogen oxides (NOx), ammonia (NH3), and non-methane volatile 
organic compounds (NMVOC) 
 
Concerning non-methane volatile organic 
compounds, we note the very high emissions from 
2004 (814.16 kilotons), while during the rest of 
interval discontinuous evolutions are observed. The 
lowest emissions quantities are emphasized in 2011, 
being of 354.38 kilotons, while in the end of the 
analysed interval, meaning 2012 the emissions have 
similar value with previous year, being of 356.58 
kilotons (Fig. 1). The non-methane compounds 
emissions are under the emission ceiling stipulated 
by the Gothenburg Protocol, of 523 kilotons/year. 
The Box-plot diagram (Fig. 2) presents the 
averages of the sulphur dioxide (SO2), nitrogen 
oxides (NOx), ammonia (NH3), and non-methane 
volatile organic compounds (NMVOC) atmospheric 
emissions, during the analysed decade (2003 – 
2010), emphasizing the normal distribution of 
values at 75% percentile. As expected, the analysed 
period averages of al analysed species atmospheric 
emissions are under the emission ceiling stipulated 
by the Gothenburg Protocol. If the values of ten 
years average emission concentrations of nitrogen 
oxides (286.03 kilotons), ammonia (180.29 
kilotons)and non-methane volatile organic 
compounds (443.66 kilotons) have statistically 
ensured values confirmed by their variability 
(26.57%, 9.05%, and 28.29%, respectively, not the 
same thing may be stated for sulphur dioxide 
emissions. In this case, the ten years average of 
545.26 kilotons corresponds to a variability of 
40.24% which reflects the large annual average 
variations. 
The study indicates the decrease tendency of 
that pollutants emissions decreased in the end of the 
analysed interval. Even though we can state that the 
mitigation of all air pollutants recorded at national 
Gothenburg Protocol emission ceiling SO2 = 
918kt 
Gothenburg Protocol emission ceiling NOx = 
437kt 
Gothenburg Protocol emission ceiling NH3 = 
210kt 
Gothenburg Protocol emission ceiling NMVOC = 
523kt 
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level is not in majority determined by the measures 
taken in order to align to the EC exigencies, but also 






Figure 2. The Box-plot diagram of sulphur dioxide (SO2), nitrogen oxides (NOx),  
ammonia (NH3), and non-methane volatile organic compounds (NMVOC) picture in Romania, during 2003 - 
2012 
 
Analyze of the Pearson correlations between 
studied emission species calculated as averages by 
ten years period (2003 – 2012) emphasize very 
weak correlation between NOx and NMVOC 
(0.079), weak correlation between NOx and NH3 
(0.355), NH3 and NMVOC (0.283), indicating the 
lack of interdependence between these emissions. 
 Average correlations are reported between 
SO2 emissions, and other analysed components, as 
follows: a Pearson correlation coefficient of 0.685 
with NOx emissions; a Pearson correlation 
coefficient of 0.647 with NH3, and a Pearson 
correlation coefficient of 0.660 with NMVOC 
emissions (Table 1), indicating the considerable 
intensity of relationship between these pollutants. 
 
Table 1. The correlation matrix of analysed sulphur dioxide (SO2), nitrogen oxides (NOx), ammonia (NH3), 
and non-methane volatile organic compounds (NMVOC) atmospheric emissions, calculated as averages by 
ten years period (2003 – 2012) 
Correlated  parameters SO2 NOx NH3 NMVOC 
SO2  0.685 0.647 0.660 
NOx   0.355 0.079 
NH3    0.283 
 
The PCA (Principal Componets Analyze) was 
applied in order to emphasize the pollutant with 
most important contribution. It demonstrates that 
sulphur dioxide is responsible for the biggest share 
Average = 545.26kt 
St. dev. = 219.45kt 
CV= 40.24% 
Average = 286.03kt 
St. dev. = 24.03kt 
CV= 26.57% 
Average = 180.29kt 
St. dev. = 5.15kt 
CV= 9.05% 
Average = 443.66kt 
St. dev. = 42.50kt 
CV= 28.29% 
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of variation (71.24%), followed by nitrogen oxides 
(21.52%), while ammonia and non-methane volatile 
compounds have less contribution to total pollutant 
emissions inventory (Fig. 3). 
Lot of research is worldwide applied in order 
not only to predict, but also to identify possible 
correlation in evolution of air pollution parameters 
(Carmicheal, 2008). 
In this respect, according to PCA, in order to 
perform multiple regression analyse, we took into 
consideration SO2 emissions as dependent variable. 
The results show very strong correlation (R = 0.957) 
between all analyzed air pollutants emissions during 
2003 – 2012 (Table 2).  
The magnitude of the Beta coefficients allow 
us to compare the relative contribution of the NOx, 
NH3,  and NMVOC emissions each in the prediction 
of the SO2 emissions representing the dependent 
variable. The NOx and NH3 emissions are the most 
important predictors of the SO2 emissions. All 
variables are statistically very significant, and all 
regression coefficients are positive, meaning as 
much SO2 emissions increase, the other emissions 
increase too.  
The value of the R square means that a large 
share of 87.45% of the original variability can be 




Issue Eigenvalue Total variance 
Var 1 – SO2 2.137363 71.24544 
Var 2 – NOx 0.645463 21.51542 
Var 3 -  NH3 0.183900 6.13913 
Var 4 - NMVOC 0.033000 1.100000 
 
Figure 3. Principal Component Analysis for sulphur dioxide (SO2), nitrogen oxides (NOx),  
ammonia (NH3), and non-methane volatile organic compounds (NMVOC) distribution in Romania, during 2003 – 2012 
 
 
Table 2. The multiple regression analyse of studied sulphur dioxide (SO2), nitrogen oxides (NOx), ammonia 
(NH3), and non-methane volatile organic compounds (NMVOC) atmospheric emissions, calculated as 
averages by ten years period (2003 – 2012) 
Issue Beta Std.error t p 
Intercept   -3.57347 0.011735 
NOx 0.534115 0.126352 4.22721 0.005517 
NH3 0.307902 0.131326 2.34457 0.057484 
NMVOC 0.531031 0.123142 4.31236 0.005024 
Dependent variable:  SO2 emissions R = 0.957263 
R2 = 0.874529 
F = 21.910 
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The general ten years (2003 – 2012) analyse 
of sulphur dioxide (SO2), nitrogen oxides (NOx), 
ammonia (NH3), and non-methane volatile organic 
compounds (NMVOC) evolutions in Romania, 
emphasize the decrease of the emissions of above 
mentioned pollutants, which is result of two reasons, 
measures taken in order to align to the EC 
exigencies, and reducing of the activities within 
some industrial branches. 
Even weak to moderate interrelationship is 
noticed between considered pollutants if analysed in 
pairs, the total interaction is very strong, and it is 
emphasized by the big multiple regression 
coefficient of 0.95, which explains 87.45% of the 
original variability when dependent variable was 
considered the SO2 emission.  
 Further research needs to be take into 
consideration in order to identify the place of 
Romania on the picture of EU air pollution, and also 
in order to identify the effect of climate change on 
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